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COMPLETE SPECmCATION 

finprovemente m anff relating to Thennionia Vakes aad. Methods 
of Mamiiaefenring tie same. 

I AtEXAlJDBiE Just, an Austrian, sub- be understood as metals laavrng a melting 43 
iect of Aibeitergasse 46, Vienna, point wMcb exceeds 1000" C. Thus for 
Austria, do- hereby dedare the natuie of instance copper, the^ meltmg- point of 
this invention and in -what manner the which is above 1000 C. wdi be considered 
same is to be performed, to be particu- as a highly refeactory metal so- far as the 
larly described and ascertained 'm and by present invention is concerned. m 
the following statement:-- The two component elements the metal 
This iavention relates to thermionic smd sulphide, of a cathode made accord- 
valves such as are used as sending- and ing to the present invention may be 
10 receiving valves for wiieEsss telegraphy employed, either m the form of a homo- 



and the hke, and more particularly to 
the electron-emitting cathodes for such 
valves and methods of mating the same. 
The cathodes of such valves have 

15 hitherto usually consisted either of pure 
tungsten or tungstea to which has been 
added a smiall quantity of thorium, or of 
% platirafflt allay, which= is either impreg- 
nated or coated with the oxide of one or 

20 more- of the alkaline earth metals. These 
■so-called oxide cathodes possess consider- 
ably greater power of election-emission 
than those cathodes for example, which 
consist of pure- tungsten.. 

25 The present iuventioji consists in a 
cathode composed of a highly refractory 
metal or metal alloy containinj 
with certain sulphides, 



geneous mixture, or the cathode may 5B 
consist of a metallic core and a coating 
of the sulphide mentioned. 

It has further been foimd that the 
sulphides are particularly efEective, when 
they possess the property of phos- 60^ 
phorescence, and /or when they possess the 
composition of phosphorescing sulphides. 
It is possible that the phosphorescence of 
such bodies may bear some relation *" 
their capacity for electron-emissibu, i 
this may be an explanatiion of this 
phenomenon. 

Yirgil Elatt and PhiBpp Lenard have 
established the fact, that chemically 
piiie sulphides are either entirely non- 
phosphorescent or only very slightly 
phosphorescent and that the phos- 



and 65 



TO 



after described raalihods ofi manufactuimg phorescenee is due to the presence of very 



such a cathode. 

It has been found,, that certain 
sulphides possess an eq.ually great, and 
indeed in some eases an even greater- 
eleetrott-emitting capability,, than the 
oxides hitherto suggeatedL 

The- -sulphides possessing- this property 
are the ^^pMdes of zinc.,, the alkaline 
earth metals (calcium, strontium, barium) 
and the sulphides of the rare earth 
I metals (cerium,, erbium, yttrium, 
lanthanum, thorium,, zirconium, neo- 
dymium, praseodymmca and ofeers). 

The term, "highly refactory metals." 
as. used in the present specification is to- 
\Fn<se I.-,] 



dllght traces of sulphides of the heavy 
metals. Pure calcium sulphide, for T5 
example, is entirely non-phosphorescent, 
but it becomes highly phosphorescent on 
the addition of a very small trace of 
sulphide of copper, although the calcium 
sulpHde contains only a.00008 to O.OOOS 80 
parts of sulphide of coppeTi to one part 
calcium sulphide. 

By "phosphorescent sulphideB "' as 
used above it is to- be understood _ that 
such sulphides aace intended to contain an 85 
extremely small addition of the heavy 
metal smphides such as the sulphid^ of 
copper, cadiniirai, bismuth, thallium, 



uraniTim, tin, .manganese, silver and 
lead. 

The ptonomenon of phospKorescence 
lias been studied in connection witli the 
5 sulpludes of zinc, calcium, strontium and 
barium, but no reliable data have been 
obtamed regarding .the phosphorescence 
oi the sulphides of the metals of the rare 
^rths. It has however been observed, 
10 that m connection with the latter, the 
emissions of eleotcons is increased by the 
presence of slight traces of other 
sulphides. 

IK fovourable results are 

10 obtamed hj employing mixtures of two 
or more sulphides. 

The employment as the highly refrac- 
tory metals of molybdenum, and its alloys, 
also of platmum and platinum aUoys has 
ous^ *° particularly advantage- 

- The employiiient of platinum and other 
precious metals is of particular advantage 
when a sulphurizing process is employed, 
25^ during the production of the cathode (i e 
heating m sulphur fumes or in a 
sulphuretted hydrogen atmosphere) 
because the precious metals are not 
attacked by the sulphur and will not be 
30 converted mto sulphides. 

In eases in which the sulphide- is incor- 
porated m the metal, the employment of 
*^^^e^ensive precious metals may be 

35 The manufacture of cathodes accord- 
ing to this invention may be efEected 
either by producittg a filament or wire 
trom a homogeneous misture of metal 
and sulphide, or by coating a metaUic 
W wire or filament with the sulphides. To 
produce a homogeneous metal sulphide 
body according to one method of carrying 
this invention into effect the highly 
refractory metal for example molybdenum 
45 is taken in a finely divided amorphous 
condition, as it is obtained by the reduc- 
tion of molybdenum triozide with 
hydrogen and is thoroughly mixed with 
a small quantity of one or several of the 
50 above mentioned sulphides. For example 
95 to 98 parts of molybdenum are mixed 
with 5 to 2 parts of calcium sulphide. 
Ihis mixture is worked up to a coherent 
body by the now well know method of 
55 first pressmg the same to the form of a 
bar which after having been subjected 
to a sintering process is hammered and 
finally drawn to a wire. Platinum may 
be teeafed in the same manner, platinum 
W m the black powdered form being advan- 
tageously chosen as ihe initial material. 
Instead of the ordinary sulphide, phos- 
Phorescent sulphide, produced in any 
weU known manner may be added to the 
65 metal. 



"When working with precious metals, 
such as platinum for example, instead 
of adding sulphide to the amorphous 
metal powder, the metal in question may 
be added to very finely divided alkaline 70 
earth metal such as caldum powder or a 
rare earth metal, or a mixture of such ' 
metals or theic oxides to wMch may be 
added eventually, a corresponding very 
small quantity of a heavy metal or heavy 75 
metal compound to produce the phos- 
phorescence. In this case metal wires 
are obtained, which will have to be sub- 
jected to a sulphurisiog jrooess. This 
niay be effected by heating the metal 80 
wire in sulphur vapour or in an atmo- 
sphere of sulphuretted hydrogen, advan- 
tageously in the presence of free 
hydrogen. The heatiag may be effected 
by passmg an electric current through the 85 
wire. In this sulphurizing process, the 
calcium and also the small trace of the 
heavy metal such as copper which have 
been added are converted into sulphides, 
whilst the precious metal is not attacked 90 
and remains as met-al. Instead of the 
calcium metal, calcium oxide mav be 
added, which is also converted " into 
calcium sulphide in the sulphurizing 



The present process renders it possible, 
by sunple sulphurization to convert any 
so-called oxide-cathode into a sulphide 
cathode. 

Instead of employing amorphous, 100 
pulverised metal, or metal in powdered 
form, molten metal may be employed as 
the initial material For example, 
molten platinum or a platinum-nickel- ^ 
alloy m a molten state with the corre- 105 
spending quantity of sulphide or phos- 
phorescmg sulphide added may be 
employed and the mass after having 
been allowed to harden, could be further - 
worked up to form wire in any well 110 
known manner. Furthermore molten 
platmum could be alloyed with the corre- 
sponding quantity of calcium or zinc or 
with others of the metals mentioned or 
with a mixture of these metals, the mass 115 
then bemg worked up to form a wire and 
then finally subjected to the sulphurising 
process. If it is desired to employ phos- 
phorescing sulphides and to produce 
these from their components in situ care 120 
must be taken that the addition of the 
heavy metal takes place exactly within 
the prescribed Umits. For example if 
calcium sulpHde is employed, the addi- - 
tion of copper must not exceed 0.0003 125 
paorts of copper to one part of calcium 
oxide, whilst for bismuth it must not 
exceed 0.0012 parts to one part of 
calcium oxide. If manganese is 
employed, the contents in manganese 130 



may he as niiieli as .03 parts to one part 
of calcium oxide. 

If it is rec[iiired to produce metal fila- 
ments having a coating of sulpMde, 
8 platiaum or platinum iriduitn may be 
coated in any known manner with calcium 
and the latter converted into calcium 
sulphide by subjecting it to a sulphuriz- 
ing process, the coating in this case 

10 instead of being of pure calcium may con- 
sist of calcium containing traces of copper 
or bismuth. It is possible by the use of 
this invention to convert any of the so- 
caUed oxide-cathodes hitherto proposed 

15 having an oxide coating into a sulphide 
cathode by sulphuri^ation. It is also 
possible to" apply the sulphide to the sur- 
face of the metal wire in any weU known 
manner and subsequently to fix the coat- 

20 ing by glowing or heating to incan- 
descence in a suitable inert atmosphere 
such as nitrogen. The sulphide cathodes 
produced by one or other of the methods 
comprising the present invention, possess 

2B the advantage compared with the oxide 
cathodes, that their ohmic resistance is 
less than that of the oxide cathodes. This 
is due to the fact that generally speaking, 
the sulphides are better conductors than 

30 correspondiag oxides. 

Having now particularly described and 
ascertained the nature of my said inven- 
tion and in what manner ijie same is 
to be performed, I declaie that what I 

35 claim is : — 

1. An electron-emitting cathode for a 
thermionic valve consisting of a refrac- 
tory metal or metal alloy containing or 
coated with one or more sulphides of the 

40 alkaline earth metals or zinc or rare earth 
metals. 

2. A cathode as claimed in Claim 1 in 
which the sulphides possess the property 
of phosphorescence or have the composi- 

45 tion of phosphorescing srdphides. 

3. A cathode as claimed in Claim 1 
consisting of a homogeneoxis mixture of 
metal and sulphide. 

4. A cathode as claimed in Claim 1 
50 consisting of a core of metal or metal 

alloy having a coating of sulphide. 

5. The method of manufacturing an 
electron emitting cathode for thermionic 
valves which consists in mixing a refrao- 

55 tory metal in a finely divided condition 
with a si^aH quantity of a finely divided 
sulphide of a rare earth metal, forming 
the mixture into a coherent body, sinter- 
ing the body and finally mechanically 

60 working it into wire. 

6. The method of manufacturing an 
electron-emitting cathode for thermionic 
valves which consists in mixing a refrac- 
tory metal in a finely divided amorphous 



state with a small quantity of alkaline 65 
earth metal or a rare earth metal or a 
mixture of such metals or their oxides, 
forming the mixture into wires and finally 
heating in a sulphurizing atmosphere to 
convert the alkaline earth or rare eaorth 70 
metals or oxides into sulphides. 

7. The method of mamifaetuiing an 
electron emitting cathode for thermionic 
valves which consists in melting a refrac- 
tory metal or alloy and adding to the 75 
molten mass a small quantity of an alka- 
line earth metal or rare earth metal or 
mixture of such metals, and forming the 
resultant mixture into wires by any well 
known method, the added metals being 80 
finally converted into sulphides by heat- 
ing the wire in a sulphurizing atmo- 
sphere. 

8. The method of manufacturing an 
electron emitting cathode for a ther- 85 
mionic valve which consists in mixing a 
refractory metal in a finely divided 
amorphous state with smaE quantities of 
phosphorescing sulphides of zinc, calcium 
strontimn bariimi or of the metals of the 90 
rare earths or mixtures of such sulphides, 
pressing the mixture into bars subjecting 
the bars to heat to sinter them and finally 
mechanically working the sintered bars 

to form wires. 95 

9. The method of manufacturing an 
electron-emitting cathode for a ther- 
mionic valve which consists in mixing a 
refractory metal in a finely divided 
amorphous state with a small quantity of 100 
an alkaline earth metal or a rare earth 
metal or a mixture of these metals or 
with the oxides of these metals, adding a 
very small quantity of a heavy metal 
such as copper, worlring the whole into a 105 
coherent body at a high temperature, 
mechanically working the body into wires 
and finally subjecting the wire to a 
sulphurizing process to convert the alka- 
line earth, rare earth and heavy metals 110 
or oxides into sulphides. 

10 In the method of manufacturing an 
electron-emitting cathode as claimed in 
Claim 7, the addition to the molten mass 
of a trace of a heavy metal such as 115 
copper, substantially as and for the pur- 
pose specified. 

11. The method of manufacturing an 
electron-emitting cathode for thermionic 
valves which consists in subjecting a so- 120 
called oxide cathode to a sulphuiizing 
process to convert the oxide into sulpMde. 

Dated this 19th day of November, 1926. 

JOHN GRAY, 
Crown House, Aldwych, London, W.C., ISS-* 
Agents for the Applicants. 
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